INTRODUCTION
Several proteins have been isolated in the purified state in Thailand, e.g. human protamines ( ref. l), rat testis-specific histones (ref. 2) , and human seminal plasma progastricsin (ref. 3) , structural studies on these proteins have been limited in nature, due partly to the small amounts of material available and partly to the limited facilities for protein sequence analysis. So the most extensive protein sequence data available in Thailand are on the abnormal hemoglobins, several of which have now been found in Thailand (ref. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , as shown in Table 1 . Initially structural analysis was carried by Dr. Sagna Pootrakul and others at the Faculty of Medicine, Siriraj Hospital, Mahidol University, either independently or in collaboration with overseas groups. However, upon his death in 1977, work on structural aspects lapsed until our group reinitiated such studies, using hemoglobin as a model to assist in the development of facilities for protein sequencing. This paper reviews the characterisation of hemoglobin variants found in five individuals.
Hb ANANTHARAJ
Hb Anantharaj (ref. 5) , was discovered in a 58 year old male of pure Thai extraction, with three males out of the five offspring also having the abnormal hemoglobin which was characterised in 1975 as being due to the mutation 11 Lys-Glu. We have reexamined the abnormal hemoglobin in the eldest son ("S.K.") of the family, who is now 30 years old. The abnormal hemoglobin was isolated by DEAE-cellulose chromatography (ref. 22 ) and the abnormal chain was purified by CM-cellulose chromatography in 8 M urea (ref. 22) . Tryptic peptide maps (ref. 21) showed that the normal a* chain contained peptides T2 and T 3 absent from the abnormal a-chain, which showed a new peptide "2-3 instead.
Peptides distinguishing the normal and abnormal a-chains were hydrolysed with mercaptoethane sulphonic acid to preserve tryptophan. The amino acid compositions of peptides "2 (Asx Anantharaj had a net positive charge at pH 6.5 (m6.5 = -0.25, relative to aspartic acid), indicating that the Glx residue must be glutamine, and cannot be glutamic acid as earlier reported. The earlier assignment of glutamic acid, based on amino peptidase digestion and amino acid analysis, is probably unreliable since the analysis procedure was unlikely to have been able to separate glutamine from glutamic acid. Thus, it is now concluded that Hb Anantharaj is due to the mutation a l l (A9) Lys-Gln, identical to Hb J-Wenchang-Wuming (ref. 23). 2.2% and Hb F 0.8%. Hb Queens was identified by isolation of the abnormal hemoglobin by DEAE-cellulose chromatography and separation of chains by CM-cellulose chromatography (ref. Since the level of Hb Queens was rather low, we investigated the heat stability of the purified abnormal hemoglobin by heating at 6OoC at various times. The results (ref. 8 
) indicate that Hb
Queens precipitates sooner than normal Hb A, suggesting that the abnormal hemoglobin may be less heat stable in vim, possibly due to substitution of a polar residue in the a1131 contact. If such instability also occurred in vivo, this may explain the lower concentration of Hb Queens observed. However, the aQUeens mutation maps at the a1 locus, which appears to be expressed at a 2-3 fold lower rate than the a2 locus (ref. 25) , and this could contribute to the lower concentrations observed in the heterozygote.
Hb C
The propositus ("B.D.") was a 29 year-old male of Thai origin, with the following hematological profile: Hb 15.2 g/dl; RBC 5.16 x 106 cells/mm3; PCV 44.8 % MCV 77 fl; MCH 29 g/dl; MCHC 33 g/dl; % Hb F 0.48. Of these values, the MCV is rather lower than that found in normal subjects (92.5 f 3.7 fl): in addition, red cell morphology showed few target cells. Blood typing suggested that the propositus was heterozygous for Hb A and Hb E, and that the abnormal hemoglobin was inherited from the father. However, the content of Hb E (42%) was substantially higher than that normally found (25-30%) in Hb E/Hb A heterozygotes. Accordingly further studies were carried out to verify the abnormal hemoglobin present.
The abnormal hemoglobin was purified from the propositus' hemolysate by DEAE-cellulose chromatography (ref. 22) and the abnormal 0 ' chain was purified by CM-cellulose chromatography in 8 M urea (ref. 22) . Purified normal BA-chain and abnormal Bc-chain were desalted by h.p.1.c. on a Ci8 column using H20: 2-propanol and separately subjected to sequence analysis on an Applied Biosystems protein sequencer (ABI Model 473A). The results showed the expected sequence for the normal OA chain, but the abnormal 8 ' chain showed lysine instead of glutamic acid at residue 6: Preliminary data on DNA sequence analysis confirm this sequence, indicating that the abnormal hemoglobin of the propositus has a replacement of glutamic acid by lysine at position 6 of the &chain, showing that the abnormal hemoglobin is Hb C. This is the first report of Hb C in Thailand.
The amino acid substitution Glu-Lys, found in Hb C, is exactly the same as that found in Hb E, except that in Hb C it occurs at position 6, while in Hb E it occurs at position 26, so it is not surprising that the two abnormal hemoglobins show the same electrophoretic behaviour. Hb C is common in black populations (ref. 26), while Hb E is common in Southeast Asian populations (ref.
1).
In particular, in Thailand, Hb E is the most common abnormal hemoglobin, so that it is possible that some cases previously diagnosed as Hb E are actually Hb C. Accordingly, we are exploring techniques for rapid differential diagnosis of Hb E and Hb C. One approach involves using specific DNA probes: so far we have a specific probe (OE mutant) to recognise the BE DNA and a specific probe (BE normal) from the same re 'on of sequence which recognises normal OA DNA. Results using these probes indicate that the 8 mutant probe does not
recognise DNA from a HbAJHb A normal individual (-) but recognises DNA from the homozygous Hb E/Hb E individual (+). Conversely, the I3 normal probe recognises DNA from the HbA/HbA individual (+) but not DNA from thg homozygous HbE/HbE individual (-) . DNA from the propositus (B.D.) is recognised by the I3 normal probe, but not by the BE mutant probe, consistent with being derived from a HbA/HbC heterozygote. In addition, citrate-agar electrophoresis has been found to separate Hb C from Hb E, Hb A and Hb A2, which run at the same position (data not shown). These approaches will be used to screen cases of Hb E with unusual hematology or unusually high levels of Hb E to see whether any are, in fact, Hb C.
CONCLUSIONS
This paper demonstrates the structural characterisation of several abnormal hemoglobins found in Thailand over the last five years. Although all of them have been reported before, some have not previously been discovered in Thailand. Moreover, some have been found in association with Hb E, the commonest variant in Thailand. All the variants described here were characterised locally without the need for collaboration with overseas laboratories. This undoubtedly indicates a greater capability for structural analysis of proteins developed in the last few years, using the readily hemoglobin variants as a model. Now that Thailand has its first protein sequencer at the Chulabhorn Research Institute, it is hoped that more extensive structural studies on proteins will be carried out locally, but this will also require training of personnel overseas.
